Abstract. Herschel -HIFI observations of high-J lines (up to Ju=10) of 12 CO, 13 CO and C 18 O are presented toward three deeply embedded low-mass protostars in NGC1333. The observations show several energetic components including shocked and quiescent gas. Radiative transfer models are used to quantify the C 18 O envelope abundance which require a jump in the abundance at an evaporation temperature, Tev ∼25 K, providing new direct evidence of a CO ice evaporation zone around protostars. The abundance in the outermost part of the envelope, X0, is within the canonical value of 2×10 −4 ; however the inner abundance, Xin, is found around a factor of 3-5 lower than X0.
Introduction
To understand the physical and chemical evolution of low-mass protostars, in particular the relative importance of radiative heating and shocks in their energy budget, spectrally resolved observations are required that can separate these components. The Heterodyne Instrument for the Far-Infrared (HIFI) on Herschel opens up the possibility to obtain high resolution data from high-frequency lines that are sensitive to gas temperatures up to several hundred Kelvin. Three well-known lowmass protostars (IRAS 2A, 4A and 4B) are studied as part of the Water In Starforming regions with Herschel (WISH) key program (van Dishoeck et al. 2011) . Fig. 1 (left) presents the CO spectra from Herschel and from the ground. These data show; (i) 12 CO line widths increase towards higher-J.
(ii) CO and its isotopologues trace different material. The 12 CO 10-9 lines are dominated by broad (FWHM 25-30 km s −1 ) emission indicating a large-scale shock process (>1000 AU). Several CO and 13 CO line profiles also reveal a medium-broad component (5-10 km s −1 ), seen prominently in H 2 O lines (Kristensen et al. 2010 ), indicative of small-scale shocks (<1000 AU). Narrow C 18 O lines (2-3 km s −1 ) trace the quiescent envelope material. (iii) Higher-J isotopologue lines (e.g., C
18 O 9-8 and 10-9; E up =237 and 289 K) trace high temperatures. However, analysis shows that for a power-law envelope ∼50% of the observed emission still comes from the colder <40 K parts of the envelope (Fig. 1 middle) . Three different models using the RATRAN radiative transfer code are applied to the optically thin C
18 O lines to quantify the CO abundance. For the "constant" profile, the observed line intensities cannot all be reproduced simultaneously. For the "antijump" model, the outer abundance, X 0 , was kept high for densities lower than n desorption (Jørgensen et al. 2005) . It fits well the lower-J lines, but the higher-J lines are underproduced. In the "drop" model, the inner abundance, X in , increases above T ev . However, X in is a factor of ∼3-5 below X 0 (Fig. 1 right) . Best fit to the IRAS 2A data is found with this model (see Yıldız et al. 2010 for details). 
